Method and device for noiKontact detection of eirternal electric 

magnetic fields 



FIE1J9 OF THE INVENTION 

This invention relates to a device and method for the contactless 
detection of external electric and magnetic fidds, 

BACKGROUND OF THE INVENTION 

As is widely known, piezoelectric materials possess flic special property 
of becoming electrical^ polarized under mechanical pressure. The converse 
eflfect is known as wdL Such properties have given rise to flie development of 
various piezoelectric sensors and detectors. 

Tlie mentioned converse approach enables piezoelectric dements to be 
utilized for sensing electric voltage applied thereto. In such sensors, the voltage 
applied to die element results in respective mechanical deformation of the 
element, v^ch can be registered 

US 4,340,872 describes a controllable piezodectrio crystal delay line- 
An input signal is transmitted through ii^JUt lines to an input transducer and an 
output signal is received Ijaroo^ ouipiA lines firom an output transducer. The 
input signal is converted to a surface acoustic wave (SAW) propagating along 
the surfecc of the piezoelectric oystal. Control electrodes are qyplied to 
surfaces of die piezoelectric crystal and are coimected to control lines. A 
control signal (an electrical voltage) is ^plicd to die control lines, and dnis an 
dectric field suited to die piezoelectric ciystal alters its longitudind dimension 
and, consequently, controls the propagation distance between the input 
transducer and the output transducer. By varying the propagation distance 
between die transducers, the control signal contirmously varies the propagation 



conlatts, U, mflioitt goarawytag <J»tod s.fi*y. 
. EP 8107M d«mte a tunable pteoel«!nte ddv Bne cooiptBmg . 

™l«li«te. two BmsdoceB and an MMiHoMl 
SAW condiiaing piezodectno sutolrate. ivro ot^ 

a «pacWv. MOS s««*« (a soni«nd«t»r pht.) i» 

d««io fidd afect Sto« SAW «a«i.y depends « tte =1«««^^ 

<^ to -Sace- e.ec«od. to vd.««"" tdTEpt^ 

conld, to ddw time the dday Hne. Tte anK«« descnbed m Iff 

„ i,<nrteoon.pl«=»I»ei«»<«4be^««*l»»'^'«*'^"*='^ 
dectri^l vd-ie. Anotor d«»b.ck <rf tta de^c. is its inapplfcaWHty 

^ «„«o«»:t detecti<» rf elect* fidd « voMage is ,0^ 
tevioe. to votage of inte«»l bas to applied to to s«mc<»«l^ 

electrical contacts. 

Technique aimed at measurix^ cxtemd fidds are also disclosed m flie 

following poMications: DE 19514342, WO 97/09624. and WO 93/13495. 

Accoi^g to the technique disclosed in DE 19514342. a cuixent 
transfoimer assembly is used for detennming voltage by measuring an electoc 
extent flowii^ in a high-voltag. power line (electrical wire). However, for 
exan^ in flie case of line disruption, this technique does not allow to 
determine «ie presence of a high voltage unambiguously. 

Accoiding to WO 97/09624. a voltmeter uliliadng an impedance voltage 
divider is used, being inserted between an electrical conductor whose ekdrical 
potential is Id be measured relative to an electrical base potential, and fliis base 
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pcrtcntial. A surfece-wave device is iisea « - - 
!ZZof mcasmiim ^ electrical voliage oocuning across the voltage divider, 
fanctioii of measuring ^ ihe wave 

tirnndv a voltage v«hose dectnc field has a vanw" 

field. Hie deacoption of ttus t 

signals and a code used in an avw«,« - 

. ^ • «t-we to he used vifli this technique. Tliemtei^^ 
10 of a measuring device suitable to be used wnn v w-,.^«dfid and 

l^cy-inodulated, and tbe acoustic bne IS chii^^ 

1^ in a particular place, ^ so^oe external te.^ 

fixed or measured. 

smrfv Biie. m m olliet taiid-Jo-readl poinO. 

U S 5 4® 170 <te«n^« . WsKm »f Pa«i« SAW-M«ti^ 

pu«<i a pi;^ «^ "* *; \ 

^ «o«tac„. The pasriv. SAW-m «g device is ,»v,*d ^ • 
do not pafcnn ai?r xldWoMl 



SOVIMARY OF THE INVENTION 

-n^e main idea of preseat invention consists of utilizing an e&ct. 
ofter than fl« converse piezodectnc effect Tl^ converse ^ 

the linear effect consi^ of mechanical deformation of a pi<=oeleo^ 
, elementcanscdWanc^en^lelectricalfieldtov^chthedeme^^^ 

The effect utilized in present inventian is a non-linear effect ^ 

a change in the velodiy of propagation of a wave in a substrate cap^ of 

application of an externid dechic or magnetic field This phy^^ 
,0 so-caUed eleclroacoustic effect, is described, for example, in Ihc foUo^ 

pubUcalions: -^Pfo^sic^ <>f^^"' ^- ^' '^^'^ ^ """^ 

P.«s^iP57;andR£.llK>n^nandC.F.Quati^I.AppLP^ 

Magneto-stalio and magnett>elastic waves can be created m magnetic 

niaterids (such as f errites) when a nucro^ 1^ 
,3 drereof is exdted by an dectromagnetic signal. DeU^ lines, f^ 
analogous to ttose known wift respect to piezoelectric substrates, are d^^ 
dso for the magnetic materials. Moreover, the wave propagation character 
sudi as phase and groq) velocities and attenuation, depend on an extern 
magnetic fidd to wWdi Ihe materuds are exposed m d)ove properties are 

20 described for exaaq>le. in a monograph ^Sptn ^a^ ^ ma&^i^c 
excitatlom". Edited by A. Bofwik-Romanov, S.K. Sinha. North Holland 

Amsterdean-New-York^Ibkyo, 1988. 

n,e present invention is particularly useful for the non-contect detection 

: of tiie e«stence of an external dectdc or magnetic fidd m tiie vidnity of a 
25 hi^-voltagedectiic line. It should be understood Ihatiftiie external fidd to be 

detected is an dectric fidd a piezoelectric or clectiostriction substrate is used 
and said wave is an acoustic wave. If the extetnd fidd to be ddected is a 
magnetic fidd flie substrate is made of a magnetic material and said wave is a 



Th^ tenn "wagnetic wave" used herein signifies a 
niagnetic wave. The term nu^"^ 

^ of m«h»ucd d^nnata «f • 

acvicc s»i«>te for »»«™««. 3nd. op^oodn. also to ^ 

^,^d«««o»»MWtoawlic>*o».f«*««o>alMd. 

Anoto olie« of to » t° ■^'^ • 

.1. u » which is capable of measonng elcctnc 

sensitivity for use m the above device, wmcn is wtjw/ 

andmagoetiofieldsoveraAvidewngeofintensities. 

Stin a fbrlhcr object of Ae invention is to provide a system for 

^ cc^^s detection of ext«nal fields in hard-tt^cach siH^ for 
e^niq^lc aroi»«l any selected electric vrire or at any string i^ 
decttic power line, at inaccessible contacts in switchboards, etc. 

Besides the ^OKTve. a melhod of irtiliring the invea^ 
,0 ..alfimctions 

present inventioiL ^ 

llie tenn used herem below vatii refi««ice to the 

inventive device and method should be nndcrstood as me^ 
componem from the following list an alternating electric field, an altem^ 

„ magnetic field, a static electric field and a static magnetic field. 

According to one aspect of the invention, there is provided a sensor for 
use in a device for non^tact det^^on of an external field by positioning 

. ..4-.^ field is to be detected, ±e sensor comprising 



15 



a delay line, which is to be exposed cootacflessly to action of the «temal field 
and comprises: 

a transAicer anangement that is provided on a substrate made of a 
material capable of transporting flierethrough a wave sensitive to said 
external field, and defines a wave channel for flic wave propagation 
.V V. A- ™Kci«.tP Hie transducer arrangement being capable of being 



activated by an interrogalioa signal to generate said wave propagati^ 
toough the wave channel and capable of converting the wave into an 

amput response signal, said ertemal field afeding a diangc in a 
velocity of the vvave propagation, said output response «gnal being 
lluxeby informative of said external field. 

Acccading to another aspect of flie present invention, there is provided a 

device for non-coniact detection of an external field, conqirising: 

- active and passive units, wherem the passive unit is to be positioned 

at a spot vrtiere the external field is to be detected, and flie active unit 
is operable to emit an intenogation signal to be received at the 
passive unit, receive an ou^ut response signal coming from flie 
passive unit, and process said output response signal for detennining 

and indicating the external field, the passive unit comprising: 

- a substrate made of a material capable of transporting 
therethrough a wave sensitive to said external field, and 

- a delay line provided on said substrate to define a wave 
channel for the wave propagation ihrou^ the substrate, the 
dehiy line comprising a transducer arrangement capable of 
being actuated by said interrogation signal to generate said 
wave propagating flntju^ die wave channel and capable of 
converting the wave into said output response signal, said 
wave channel being ejqjosed contacdessly to action of the 
external field, which efiects a change in a velocity of the 



J* <h, &« basic Hnl»*«^ *™*' * 

..aBita, «id »«m.l field *«»«d « an 

Tbe second basic eanbodnnent Of the device IS inwiiuc 

as Y«hm> ta« 0«Mt « <>flw fa"* '<« 
capable of ttaiisponiiiE*"™*^ . tair of mmsdaoeis 

\^„„.»rito of said »b«« -f<«4.8*««'>^ 

^ de.^ line of .bo»«e^o.=d ^ - 

..^odi-oe^s «e » be p^vided 

™b«n««. For «»pl^ in *» P-**^ ""^^ 
Tdcvlo. ... «-a»«r of d« ^ndooed p» of d« «.«doc^ 

„ ^usdc cb^.^ being con^^e^l. e^ 

«tt in^nsiCT of s«d field tie o«*«t 

acrt«. a delayed «gn- in »,po,«. » d» Uoncbed SAW. 

^« sienal-s deKiy ^1 be inf«m«ive of d-e intensifl. of the ^^ernal 
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electric field. Analogous processes take place in ^ second basic embodi 
where a magnetic material is used for Ihe propagation of magnetic waves. 

In the piezoelectric basic embodiment, said delay line may be easily 

i„,,lemented by a soK^Ued resonator delay line, which is characterized by 
leUtively small dimensions at a rehitively hi^ total delay time. The resonator 
deUy line can be formed by one transducer placed on a siirfiioe of Ihe sub^ 
between a pair of reflectors. vAich define the ^vave channel being an acoustic 

resonator. Each of die reflectors may constitute, for example, a system of 
parallel grooves, tags, mettd strips, etc. provided on die smfece of the 
piezoelectric substrate. Such reflectors cause ihe SAW, Tvhenever launched by 
the transducer in die acoustic resonator, to be successively reflected, diereby 
producing on Ihe transducer a considerable resonance response signsd at a 
certain resonance fteqoency value of the delay line. Since die wave channel is 
subjected to the direct action of die external field, any change in the external 
electric field wifl affect the velocity of propagation of the SAW between die 
reflectors (i.e., die time of propagation or phase shifl:). To achieve a resonance 
condition in Ihe wave dhannd, dte double time of run between bodi reflectors 

should be an integer number of time periods of flic canier fiequency of a signal 
Hence, the change of SAW velocity wifl cause a shift (change) of die resonance 
flequency flom said certain vatae. The shift of die resonance frequency is dms 



infomiative of die intensity of flic external dectric fidd. 

According to a prefencd embodiment, said active unit may comprise a 
signal source cj^wble of transmitting die mtenrogation signal, a recdver c^e 
of recdvhig die response signal fiom said passive unit, and processing means 
^--oKio ^^f«™tT,iT.a ftie external field bv nrocessing die response signal and 



signal 



For die embodiments where die delay line comprises two transducers, 
>cessing means are to be ad^rted to process die phase shift between flie 
se signal and die reference signal. In die embodiment widi die resonator 
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■ are to be adapted to detect and process ttie 

delay line. *e p^cs^ ^ iTid xescmance frequency 
detected shift of tiie resonance frequeruy ftom said xe^ 

.«t,ct ««K>sare of Ihe passive unit of the device to 
(Wing to Ihe non-contact exposure ox y ^ v*. 

. «uJ,les measurements to be 

d. field to be dete^ ^^^^"^ 
earned out sdWy. » gPes v^^*^ «^ *^ ^ 
aaopposedtojostnon^^mtactoncishi^ device said active 

Warding to the most prefetred emboduncot of fte device, sa>d actx 
^ c JXC^i-d ^tely frotn the pas^ -it; bo^ *c ac^ 

unit can De po ^esoective emitting^eiving antennas, and said 

passive units aie provided respective enmnnjs 

^goal source of the active unit ccn^s a transmitter. fl>us enabling 
^ontactandremotedetectionof external fields. 

TO this end. a mediod of contacdess ( and opuonally. remote) detec^ 
f fidds (or Tillages) inctadcs mounting pa«ave umt at a spo^ 

of dectnc fields cor T^ixag ; ^ active untt of said 



detected. 



An^fcer impomnt «pert of 4e h>v««»n u <o a h<** 

. , intervals are exactly tfie same that in 
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are Si 

ispaoiding 



the conespomiing nansuui^* => ^ 
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„„_^ depends on the external bk^^ 

(defiiK^i by two delay lines), wb«ein one wave channel ^ toj. 
, external fidd to be detected, and the other is ftom the ext^ 

T,,e first and second wave cbanneU ha^. different icn^ 

Shift between two output sigcuJs produced by the two dc^ 

4e output signal is a vector surn of said two ou^ signal, m 

Ae screened chamid increases the sensitivity of «te sensor and re^^ 

10 devioeasawhole. 

A field nansfonner can be used with fte sensor to amplify or 
concentrate the fidd inftaendng *e SAW propagation in given 
fl« external fidd. Sud» a fidd transfimncr aimed to aniplify the fiddn^ 

of two «,«citors having differ^^ ^ 
„ distances between the capadto's plates, such that the capa^ 

sa^^ capacity is 4at having a smaller distance between flic dedrodes. 1^ 
,,3p«to are comiected in paiaUd and are both nu,untcd at said sp^^ ^ 
external fidd is to be detected. At a certain rdation between flie capacitances 

^ fl« geometric sizes of the capacitors, the intensity of Ae inner electric fidd 
^ oflhecapacilr^offtesmaUercq,acitycanbelargerdm1heiniensh^ 

extend field a predelemnned ratio. Ibe substrate with said delay hne is 
mmacd as the didectric in the c^acitor of the smaller capadly (and larger 
i^er fiddX and in such a way that Ihe inner fidd of that capadt« influent 

AeSAWvdodfy. 

25 Altemativdy. such a field transformer may be in flie form of a metalhc 

plate (electiode) having a part Aereof extending predominantly along flie 
extend fidd lines and ending with a djaip edge in the nearest vidmiy o^^ 

SAW path. Such an dedrode has no connection with the source of Are fidd 



detected. 



ooncentiator of this field. * ™««ent invention, Acre is 

tfx vRt another aspect of Ihe present Bwcauuu, 
Thus, according to yet anotner asp „ ^^^^ ^^id is to bo 



ilill 



detected, the sensor comprismg: 



)f Hansporting 



- a 

Signal e ^„A.««.v«i«toafiistoiitputsignal; 



and J 

1^ ..id inu. . scco^l o*. »sn* «h-» 

^ cl^ s«e»d *=n, cx^n-. Add »d tas*^ 

sWft b««««. ou,,»* sigmJ «nd to «cand <«.put «SPd; 

p,^. firs, (unsc^cncd) wav. cb-tol 1» dc«g«d » 
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Ihe external field. . - ^^^ 

AS indicated above. *e sensor caa be foimed m two bas^ 

.edifications. i.e.. with a pie««leo.ric or de^ostriction -^^^^ ^ 
sobslrate. being thereby sensitive to electric and nu.gnenc «cemal fields. 

"^Tmmiber of embodiments of flie piezoelectric modification of the 

sensor vwnte described below. ^ ^ ^ 

According to one embodiment of tiie sensor; it is intended for detection 
of e,rtemal electric fields, and comprises said STa>s.raie of piezoelectric mat«nal. 

bearing: . , 

. said fiist transducer aiiangeroent comprising a first pair or 

placed on a surface of said substrate and fomm« 
fi^erebetween said fii5t wave chamiel constitnting a first acoustic 
.K««nri said transducers being c^ble of lamiching a SAW mto 



said first chamid in response to an input electromagndic signal a^ 
ccfflvertingthc SAW into a first output electromagnetic signal; 
said second transducer axrangement oonqirising a secc«.d pair of 
transducers placed on a sulfide of said substrate and fimmng 
therebetween said second wave channel constimting a seer--* 
acoustic chamiel, said second pair of transducers being capaMt 
launching SAW into said second chamiel in response to said input 

dedromagnetic signal aBdcom^g*e SAW into a second ou^ 

electromagDetic signal; 
M tt^by. owing to fte difference in lengths Of said first unscreened and said 

second screened acoustic chamiels. flie phase of die response signal filmed by 
superposition of said first and said second on^ut signals is indicative of the 
external electric field. 
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The differcDce in length between the two acoustic dianneb is preferably 
a fra«;tian of flie SAW wavelcngfli in Ae screened channeL 

THe aboventescm^ sensor efifectivcly detects the presence of external 
fields, owing to the fact that in one of the mentioned acoustic channels, the 
an^linide of Ae outpm signal dqjeods on the external fidd. and m 

(screened) d«nne^ does not It for «am.plc, fl« 

of the acoustic channel exposed to external electric field decreases as the 
electric field increases, the response signal (being a vector sum of «ie output 
signals of the screened channel and the unscreened channel): a) will nefver have 
its ampHtude reduced to zero, and b) will be nearer to the phase of ^ 

«,mscreeiied" channel output signal as the field increases. 

If nanow band transducers are use4 dieir bandwidfti arc diould be such 

as not to exceed their central fiequency shift due to the electric field to be 
detected. If rdntively wide band tiansdacets are used, fiequency of «ie 
irtenogation signal can be selected within fte range of the dope of the 

fiequency response of the transducers. 

Analogous embodiments can be constructed on the fenite substrates, to 
obtain the sensor enable of detecting external magnetic fields. 

In die embodiment of 4c sensor; prefismbly ^Kcable to its 
piezoelectric modification, said first pair of die transducers is identical to said 
second pair of the transducers, v^ieiein one transducer fiom each pair b a phaK 

coded transducer c^iaUe of processing a phase coded signal, and the other - 
converts a signal without changing its envelope. Hie use of the phase coded 
transducers enhances die dependence of the first (unscreened) channel's output 
Sigma on the external field, and improves field sensitivity of die sensot When 

the external electric field's change causes a multi-phase coded transducer to 
produce a progressively smaller outtJUt signal, dris feet, in turn, win mate 

total response signal of die sensor progressively closer to the output of die 
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second (screened) acoustic channel. Hence, flie response signal remains 
non-zero, which tois enhances the reliabiliJy of device. 

It is dear ihat the sensor using a phase-coded signal should be based 
purely on an clectroacoustic effect Indeed, the distances between electrodes are 
jBoall (of the order of SAW wsvelenglh). So. their changes due to piezoelectric 
effect are small too (Le., this change is proportional to the distance itsd^. 
Hence distances between the elecliodes remain independent on flie external 
field. Tliis means that die change in fte signal induced by flie increase in ^ 
external fidd takes place only due to the change in SAW velocity. 

The intenogarion signal is a hi^ firequency electromagnetic signal, die 
ficquency of vrfiidi is determined by the required sensitivity of flie passive unit 
to the external deotric fidd under test According to acoustic, geometric and 
tedmological considenitions. the ficquency of the intertogalor device for 
so-cafled piezoelectric cmbodimenls of the sensor and Ac device can be 
selected at about I GHz. For the so-called ferrite embodiments, die ftequency 
canbehigbex; e.g.. up to 10 GHz. 

It is undfistood. diat for all embodiments of fhc device and the sensor 
(except fbrfliat of resonator type or diat with the phase-coded transducersX Ibe 
interrogation signal is a high fiequency pulse with die duration smaller than die 

delay time of die delay line(s). 

In the case of one-channd passive unit of die device, sensitivity of die 
device can also be improved by increasing die delay time. In die case of die 
two-cbannel design, die interrogation signal is preferably a multi-phase-coded 
hi^ frequency signal matdied witii codes of die transducers in die sensor at die 

external fidd equal to a certain reference vahie. Hence, die detection of a 
maximal ou^ut signal is indicative of diat the external field is equal to its 
reference vahie. As previously mentioned, the multi-phase coded interrogation 
signal increases die sensitivity of die sensor and, additionally, pennits to 
intem^ate onhr one particularly matching sensor. It should be mentioned, diat 
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^ in the code, a number of bits mflie code anaoi 
number of phase gtadatons m the code, a nuuu, 

^ ™ft t.^ B «-«Wvc dcm-*, ..e.. . pen 

A device in its ronoto modificalion » 

successniuy us*" ^ t«-«,een hich voltage wires m 

detendirii«v*efl«r electric voltage IS 

!!^powc. li^. Ihe device can al30 be utmzed for checloB^ 

an elccinc power w c ,. _ vm onnflier atmlioalion of the 

of string insulators in Ae electric pov^ h^- Yet aiujto 

of stnng msuiau^s hani-to-ieach places in con^jleK dcctncal 

sensor is fisr deteranning volfages at han^to-ieac p 

«^ instant such as switchboards, control panels, elecmc 

"^rc^ to yet ano^ier aspect of *e pr«^ 

a sensor for use in a device fbr non^tact detection erf an ext^ 

fieldinftevicinityofanelectricwire^thesensorco^ 

. a substrate carrying a debv lii"^ 1« define a wave <W for fte 

vwepropagationlhroughlbe substrate, and 
. a fidd transformer operable to increase inta^ of a fidd^w^^^^ 
delay line, as conned to the intensity of tbc external field outside 
said delay line, in a known proportion, the increased field affectmg a 
velocity of the wave propagating within the delay line, the dday hne 

comprising: 

. a transducer anangemcnt «q«ible of being actuated by an 
intotogation signal to generate said wave propagating through the 
^ channel and capable of converting the wave into an output 
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^ fl,c inve^a™ 'te'** =^ 
Applications of the mvcnuvt « 

mentioned ones. ^ invcautLon, 

To this Old, and in accordance ^ a furflicr aspect ot 

*>v, «^oteW detecting Ae presence of an external 
is twovided a system for lemote^ oereouus e . „ 

fi.M,tai»lmalityafchedcpomtetobeexanuned.fl>esyst«n o«i« 

. Wde^dcecon^anesaidac^ 
passive unito; said passwennns of the ^ 

'^rz:::ires.ste^ 

. .eCc ^d « v.^ . a P^ of^lcpon. 
^.^con^an^e^f^^ 
eac3i of said passive umts and saio acn 

dgods, w^edivclsr, ™„™i«„ . receiver ml process!.* 

Mid active unit ciJini>nsiiig • tiansmitleii > receiver s j. 
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^^paring a response signal 

Atb a ««responding reference sigdal i 

deUicted 



He passive wiit 10W 



jj5igne4<i«cotdiii«to«>cira|W!»«I™~ ^„,™.Amialio 
^^rf*cP^"n«s.«*m ^ 

^ iiTip- all said passive units oemg i^o>^ 

dectnc power bx«. all sai .^^.^inthefamiof 
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Kspeottvdy; sad «=tive «»t 1«i»g a«ie=cd 
capsUe of sdeotivrfy 



indication Of Ibe piesencc of high voltage regar 

tiH^iespectivepassiveimits. ^ 

to another ^^^^^^^^^^ ^ 



(passive 
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integrity of suspension insulator strings of an electric power line. In tins case, 
ti»e passive uniis can be mounted on the bodies of iiBspecth^ 
a particular insulator is its legdar sttte. the respecti^ 
the system to detect the piesence of a predetennined nominal voltage ^^Ued to 
5 the insulator's ends. If the insulator is ruptured completely or partially, the 

detected voltage will differ fiom the nominal value. 

Both *c system for checking <hc voltages on fte wires, and the sys^ 

for checldng the condition of suspension insulator strings in dectrio power ^ 

can be fidfilled m by passing along the power line, vdiete said passive units 
,0 are prdiminarily niDunted, witfi flu= aid of any vdricte carrying 4e por^ 
active unit and remotely providing flie measuiemeots of interest Such a 

method is esdremdy useful and effective in emagcnpy situations. 

BRI£F DESCRIPTION OF TBE DRAWINGS: 

In order to understand the inventian and to see hov^ it may be carried out 

IS in practice, a preferred e 

non^limiting exanapie of ibi 
Hie accou^Moiying drawings, in wUdi: 

Fig. 1 is a schematic diagram of a basic piezoelectrioWd device 

accordingto the urveotion, having a passive unit and an active unil; 

Fig. 2 is an exemplary lime diagram of operation of the device shown in 

Fig. 1; 

Fjg. 3 is a schematic diagram of a piezoelectric-based sensor with 
imptoved sensitivity, ^ch can be used as the passive unit in the device shown 
in Fig I; 

Fig. 4 is a schematic vector diagram illustrating how a response signal is 
developed in Ae piezoelectric senscr shown in Fig. 3; 

Fig. 5 is a schematic diagram of an example of a system according to 
the mvention comprising a plurality of passive units; 
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F1& 6 is a schematic iUustration of a sensor according to Ac invcaition 

utilizing a resonator delay line; 

Figs. 7A-7D illustiate several examples of the sensor according to the 
invention utilizing a field transfonncx as an amplifier of Ihe external dcctiical 
field to be detected; and 

Fig^ 8A and 8B illustrate one more example of Ae sensor utilizbg a 
field transf<»mer as a concentrator of the external field. 



DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

Fig. 1 illustrates a sensor device 10 for the detection of an external field 
symbolically indicated with arrows mazked E. A combined time diagram of ihe 
device operation is schematically illustrated in Fig. 2. In tfie present exanqde, 
the device 10 is intended for the detection of die exist«ice of the electric field J? 
in the vicinity of a wire (whidi is not specifically shown). The device 10 
comprises such main coostructiQnal parts as a passive unit 12 placed in the 
external electric field, and an active nnit 14. The passive and active units are in 
high ftequency (HF) electromagnetic communication with each other: The 
device is intended for remote and non-contact detection of electric fields, so the 
unit 14 is distanced from flie unit 12 and both nnits have hi^ fiequency 
emitting-receiving antemias: HF antenna 16 of the active unit 14 and HF 
n n^Tift 18 of die passive unit 12, 

In this embodiment (where electric fields are to be detected), the passive 
unit 12 con^ttises a piezoelectric substrate 20, which bears on its sut&ce a 
transducer arrangement forming an acoustic channel which serves as a woridng 
wave channel of the device. The transducer anrangement is conq)Osed of a pair 
of transducers 22 and 24 spaced from one another so as to form between and 
under them an acoustic channel 26. The two transducers 22 and 24 and tfie 
acoustic channel 26 in the piezoelectric substrate constitute a piezoelectric 
delay line witfi the deL^ time defined by the external electric field E. Antenna 
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18 and transducers of passive ujih 12 are coDiMXrt^ 
electrical buses 11 and 13; tiie antemw 18 is capable of woridng either in the 
receiving or in the transmitting regime at a time. More particularly, in the 
lecdving regime, the antenna 18 receives fiom &e active unit 14 and feeds to 

flie transducers 22. 24 an interrogation HP electromagnetic signal sdiematically 
niaited 15 (see also Rg. 2, time axis 2). The interrogation sigmd 15 is 
converted by the transducers 22. 24 into two acoustic signals, respectively, 
schematically indicated as 17 and 19, vdiich propagate 
26 inliie form of SAWS lo be received whh a dday by the same transducers 

and flien converted irto an electrximagnetic response signal 21. Now. the 
anteniia 18 woiics in flic tiansrrutting regime and tiaittinits the res^^ 

to the active unit (see time axis 4 m Fig. 2). 

Tbe active writ 14 comprises a transmitter 28 and a receiver 30; the 
antenna 16 of the active unit being also a transnritting-receivmg antenna. The 
transmitter 28 con^msea a genemtor 32 of fte HF interrogation signal 
controUed by a synchronizing circuit 34 (time axis 1 m Fig. 2). In the present 
example of Fig. 1. the intenogation signal is an amplitude modutated HF signal 
(pulse), wherein flje duration of its pulse-like envelope is selected to be less 
tiian the deli^ time of flic piezoelectric del^ line (see time axes 2 and 4 m Fig. 
2). It should be noted fliat. alternatively, phase-coded transducers can be used, 
in windt case die inteaogation signal is phase-coded, as will be described 
bdowvnflife&rencetoFig. 3. 

The receiver 30 comprises an dectromc switeh 36 coijpled to flie 
antenna 16 and controDed by flifi synchronizing circuit 34 to receive only flic 
response signal arriving from flie passive unit 12 Oock-in signal is shown m Fig. 
2, time axis 3). The recdved response signal is amplified by an an^lifier 38 
and fed to a phase shift detector 40 which compares flie response signal wifli a 
reference signal 23, Outpat signal fioro die detector 40 reflecting flie phase shift 
between flic reference and flie response signals is flien processed by a data 
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5 or voltages. In such a case. UK _„.™-s 
2) subtracting it fcooi me urai 

4^caloulaling the fidd amplitude usmg^Fcdetm^ ..HiftlridM 

^li^ -d *e observed 

i^accoiBit characteristics of *e passim ^SO^dicaabe 
Fig. 3 iUustrates ahigUy sensitive pic«>e»ecmc se^ 

™t in fteseusor device 10 (Fig. Dor a system according to 

26 used as a passive urotm the sensor ucv ^,.rian«i so as to be 

^ invention in &e present example, the sensor 50 IS designed so as to 

fte uivcntion. to me F comprises two acoustic 

^amonsive to a phaseH»ded mteirogalioii signal, 

7TLand 54 It sho^d, howeve.be noted *at die use of a phase^ 
1 ^ 11 ^icmentod ^di die one acoustic channel based 

pieces of Sinusoid, each ^^J^^^ ^Z^"^ signal 
flie code used. The acoustic channd design produces a i^xima. ^ 

^ ^ code intervals of ^ SAW p^pagating d.ough die <^^^ 
p«^dtog diat d. code and phases in *e SAW propagating d.o^ 
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ihe channel matoh ihe code and phases used inlbe transducci: THe explanation 
hereinbelow is given for Ae case of a bi-phase coded interrogatian signal (Ae 
initial Phase can be zero or 7i/2). for flie sake of simpUdty. 

^ Ihe sensor 50 coi^Wa fitsracoustio channel 52 fliat is fonned 
in tihe subshate between a/U of transducers 51, 53 and is contacdessly 



cxtcniid elect^fc field. An additional acoustic channel 54 is ctei 
in the sabstrate betwre^a pair of additional transducers 55. 57. and is screened 
(togeflier wifli ttie « fSY^ from the external 

fmie is independent 

with a receivinfi4nitting antenna 56 communicating with both acoustic 
c hannels 52 and^ -via tiieir buses. 



It should be noted that *e provision of flie second acoushc-cEaMeTSr- 
screened to die extanal fidd, to which die olhcr chamiel 52 is e^qjosed. is 

not used for comparing sigdals generalfid in bodi chaimels for evahi^ 
external field, as m die conventional detection techniques. Here, flie two 
channels, one exposed to and die oflier screened fi^i the external field, are 
nsed to produce an output signal, ^ch is a vector sum of two 011^ sig^ 

dw two channels. This is aimed at obtaining, in any case, a non-aeto output 
signal of die passive unit, diercby enhancing die rdiahilily of a device. Hence, 
if die external field vahie is significandy different fiom diat providing a 
maximal ou^ut signal of die channel 52, no signal wUl be produced by die 
channel 52, and die sum signal will be equal to die signal produced by die 
screened channel 54. In otiier words, die provision of die screened channel 54 
mcreases die sensitivity of die sensor 50 and reHabiHty of device as a whole. 

In diis embodiment, one transducer (S3 or 57) belongmg to any acoustic 
channel is a ranlti-tsqjped inter-digital toiansducer (IDT) for processing an 
interrogation signal widi a particular phase-code predetBimined for dus sensor 
and being die same for bofli acoustic channels. The second transducer (51 or 
55) is a stiicdy periodic IDT widi a smafl number of electtodes, having die 
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coded 



IS 



^ IP urn embodi^em. botn ox ^ sasr by a quarter of *e 
mm of WO output »gMl» °f *« «™ 



propagating 



Tto condition pl«e 'j^^^Atto 

o ATir vi^lnmiv value used for the transowc^ 



higher 
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codemt«valof*ieSAW.v*ere ^,3^^. to 4e dependence 



! z SAW and the number of code secnon! 

the cxXcrasX 



depend 
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changes oftf^extanal electric fidd, _ transducer ff7 will 

In Ae screened channel 54. fl»e PC many-tapped ID 1 trans 

^JTh^on si^ into a short SAW pulse of a high 
"^t^^W^whenrec^^ 

the codes match. The SAW poi ^ ^ ^ 



^jansdocer 5S of ttic screcQcu - 



,3 d-tromagneticsagna.n^^«^^^^^^^ 

channel, d« PC in^oga^- ^ ^ ^ ^ the PC 

,,«i««c nyr transducer 55, propagates as a PC i»AW sign« 
p^c IDT codes match. wiB convert it into a short 

^j,„,s^„cer 57 whidi, if the codes maiw. 
electromagnetic output pulse of hi^ ampUmde. 
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<^ SAW m Ihc « ao^ ch^.-! •» 

scca^v^ ACE,). A*B*"«'A(E,,of*e"^s^^ 
ads ^, na: awe iMito* ^ „ 



„ ■ Tte illusti^ted embodin.a.t tran^ 



«^ Sigma » " 

J? « ii=Kic afifectjed ty the electnc fielo imc^ 
Ae amplitude of the tcsponsc signal /? IS 1^^ 

20 test 

Jig. 5 flhistiates OT exemplary sys^ 

1- Tn**-^ Me«4vp iinits 60, 62 and 64 wiA HF 
of dectric voltages in a p(wcrlnie. Three pasfflvciimtsw 

«re n«,unted on ihcee tcspcctive high voUage 61. 63, 65 of fte 

phase codes, namely, me 



power Ime. ine passive uuiu> ^..^ _ . 
^ pa«si^« unit 60 is coded by a phase code PCuAe unit 62- ly phase code PG, 

and Ac unit 64 - by phase code PCs. 

The system comprises a combined portable active nnit 66 indudnig a 

transnutter 68. a receiver 70, a processing means 72 and an indication mem 
74 Principle of operation ofihe active nnit 66 is similar to that described^ 
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reference to Figs 1 and 2. The diflfeieiKe is in Ihat the 
of seleclivBly (or sinnihaneoiisty) emitting toee different interrogation signals, 
being coded by phase codes PCu Pq, and PCs. respectively. Also, the 
indication means 74 are capable of registering readings of the dectric fidd wifli 
respect to each particular code. Whenever a patticulariy coded interrogation 
signal is emitted by the active nnit 66. it is correctly processed only by flie 
passive unit coded by the same phase code. As a result, the operator is able 
dflier to provide Ae total checldng of flie wiiiss. or to sdect a particulM 

^vhere Ae vohage is to be checked and to obtain indication conceming the 
presence (and optionally die miensily) of the electric field around any qjecific 
wire. Accurate measurements over a wide range of voltages can be provided if 
the passive imits are designed as the two-channel sensors (50 shown m Fig. 3). 

Fig. 6 ilhistrates a Mode diagram of a sensor 70 suitable to be used in 
flie sensor device according to the invention. Here, a delay line 72 in an 
acoustic diannd is a resonator ddi^r line, which is characterized by rdativdy 
sman dimensions at a relatively high total delay thne, as compared to the del^ 

lines of ^ previously described examples. The resonator dehy line 73 is 
fomed by one transducer 74 placed on 4e suifece of a piezodectric substrate 

76 between a pair of reflectors 78A and 78B defining die wave diannd, which 
is an acoustic lesonator. Each of the reflectors 78A and 78B may be m flie fonn 
of a pattern of paralld grooves, Ings, mctd strips, etc., on die surface of die 
substrate 76. Thns, a SAW launched by die transducer 74 is successrveljr 
reflected by die reflectors 78A and ISB, diercby produdng a considerable 
resonance response signal on die transducer at a specific resonance fixsquemy 
of die delay line. Since die wave channd is subjected to die direct action of die 
eternal field, eaiy change in the external dectric fidd will affect vdodty of 
propagation of die SAW between die reflectors. To achieve a resonance 
condition in die wave channd, die double time of run between both reflectors 
should be an inteser number of time periods of the carrier fisquency of a signal 
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* QAW velocity will cause a shift of the resonance 
Hence *c change of SAW veiocny wm 

^„*^th.eofihciatcnsr.yof&eeKtenialelectncfidd 
fieqoency indicative oi tne mwi« y he used with the sensor 

J *iv.w A field ttansfornier can te nseo w«u 
As indicated above, a nem iiau» ^wrtr of an ejstemal 

^- t^A^-im/cnlion as an amplifier or concentrator ot an ejoemm 

device according to the invcnhon as P fi^js). In the 

fidi to dieteby enable detection of low voltages i.w«ik 

i4c<ir following conditions: di> da, t-j> '-8. 

Cj.Ifflusepaian»eters satisfy fliefouowingw^;;-^^ 

. «ide^ ^ in SAW ^) ^ r-J"^"^ 

SAW ^ ''^'^ """""^ 

dqK>sited on Ae opposite suifecesofapiezoelectnc substrates imm 
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. ■ f««ui Bv this an electric field affecting Ae SAW 
is about a fe. pcof^- ^^r^' ^ kaow. praporti«. tb^n the 

^ ^ field ex^in^ '"^;;^^^^^se^tivity. 
Pies 7B-7C show fliree examples, respectively. 01 m 

^ fi/i The oassive unit 80 comprises a 
massive unit 80 wifti the capacitor 84. m passive 

^ • - its Burfacc twro spaced-apart reflectors 
piezoelectric substrate 86 caiiying c«i Its surface t . ^^fl^and 

J. on inoited in the space between tbc reflectors, aoo 

tote ««»«Je of 1% 7C; te d«<l»to «^ "^^•'V^^ 
,„o«ed on*, common suraccotft=s.bsMe 

•i.h™i« m «1» coMMrted wift one ptatt of (he oaer o«»n«« v 
t^Tu^ ou^id. te «o««c <*»od i« te ^ of *c Bne ™. 

'of te t 

^ ^ Of te SAW po^ P«n»^^ " 

7BInoa«worfs.wi*te»«,-»*of*.«*n«I*=H*c 



configunrfion of Fig. 7C enables even more increase of tiie affecting field inside 
tbs capacitor 84. 

to me example of Fig. 7D, the opposite plates Ei and Ea of ttie capacitor 
84 are deposited on tlie comman surface of the piezodediic substrate 86 in a 
spaced^apart parallel lelatianship. With this configuration, a shear horizontal 
decttic field eidsts in the re^oo of the SAW propagation. 

Figs. 8A. and 8B illustrate, respectively, fi:ont and side views of an 
decHic wire W with a field iransfoimer T located in the vidnity thereof (in a 
non-contact manner) and serving a concentrator of an external field to be 
detected. In die present exan^e. the wmcentrator T is ctwqjosed of two 
dedtodefi 95 and 96 located inside die sensor device (passive unit). The 
dcctiode 95 (die provision of which is optional) is located near 4e wire W, and 
die eleclrode 96 extends predomnianfly along die external field in the vicinity 
of die wire and has a sharp edge (ie., wifli a vciy sman radhis of curvature of 
Rc), diat is located in die nearest vidnity of die dday line. The sensor device 
widi sndi a field concentrator T qperates in die fbllowing manner. An e^ 

eleeirio field at die locadom of die electrode 95 causes redistribution of electric 
diaige into die metaUic dectrode 96. Since die m ag nit m te of die dectric fidd in 
die dose vickdty of die sharp edge is proportiond to 1/R* a fidd anq)lification 

coefiBdent is of oider of R,/R«. wherrin Rw is die radius of die vwre W. 
Distances about 0.2-0.5mm between die sharp edge and die dday hne can be 
used, diereby endding to achieve large amplification coefBdents. 

While the present invention has been described widi reference to die 
specific exanqdes and drawings, it shodd be appreciated diat odica: 
modifications and combinations of die passive and active nnits can be designed 
which also form part of die present invention. 



